WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 

H01Q 1/24, 9/30 



Al 



(11) International Publication Number: WO 97/42680 

(43) International Publication Date: 13 November 1997 (13.1 1.97) 



(21) International Application Number: - PCT/SE97/00734 

(22) International Filing Date: 30 April 1997 (30.04.97) 



(30) Priority Data: 
9601706-6 



3 May 1996 (03.05.96) 



SE 



(71) Applicant (for all designated States except US): ALLGON AB 

[SE/SE]; P.O. Box 500, S-184 25 Akersberga (SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): ENGBLOM, Gunnar 
[SE/SE]; Monstringsvagen 160, S-184 33 Akersberga (SE). 

(74) Agents: SVAHN, Stefan et al.; Axel Ehrners Patentbyra AB, 
P.O. Box 10316, S- 100 55 Stockholm (SE). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR. 
BY, CA. CH, CN. CU, CZ, DE, DK, EE, ES, FI, GB. GE, 
GH, HU, 1L, IS. JP, KE, KG, KP. KR, KZ, LC. LK. LR, 
LS, LT, LU, LV. MD, MG, MK, MN, MW. MX, NO. NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, TJ, TM, TR, TT, 
UA, UG. US, UZ, VN. YU, ARIPO patent (GH, KE, LS, 
MW, SD. SZ, UG), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ. TM), European patent (AT, BE, CH, DE, DK, 
ES, FI, FR, GB, GR, IE. IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: AN ANTENNA DEVICE HAVING A MATCHING MEANS 
(57) Abstract 

An antenna device is disclosed, which is intended for a 
portable radio communication device, in particular a pocket size 
cellular telephone. The novel antenna device includes a housing 
(1) having mounting means (2) for mounting on the telephone (3), 
helically configured first radiator (4) carried by the housing, and 
an impedance matching means (6) formed by reactive components 
on a dielectric substrate provided with a printed circuit pattern. 
The matching means is carried by the housing and ir matches 
an impedance of the first radiator to an impedance of transceiver 
circuitry of the telephone. The antenna device may include one 
or more radiators in addition to the first radiator. The disclosed 
antenna means is particularly advantageous when the antenna device 
includes at least one radiator of half-wave type. 
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AN ANTENNA DEVICE HAVING A MATCHING MEANS 

The present invention relates to an antenna device having a 
carrier structure and a matching means. In particular, the 
invention concerns an antenna device for a mobile personal 
telephone. More specifically, the invention is directed towards 
an antenna device with at least one radiating element having 
half -wave characteristics. 

One way of making use of several advantages of the invention, 
is applying it to an antenna device having a fixed helical 
radiator in combination with an extendable and retractable 
straight radiator, at least one being essentially of half-wave 
type. 

In a radio communication device the transmitting/receiving 
circuits are coupled to the feed point of a radiator means via 
a feed line. Normally, the transmitting/receiving circuits have 
a nominal impedance of 50 + jO ohms. If the impedance of the 
radiator feed point differs substantially from that of the 
transmitting/receiving circuits, an impedance matching means is 
required for matching the impedance of the radiator to the 
impedance of transmitting/receiving circuits. 

The radiator and the impedance matching means may then be 
interconnected by a first feed line or similar having a given 
length. The first feed line is influenced electromagnetically 
by different conductive or dielectric bodies in its 
surroundings, for example, a support on which the radio device 
is resting, the hand and head of an operator, or the chassis of 
the radio device or conductive parts thereof. Especially when 
the radiator feed point impedance is high, the length of the 
first feed line is significant to the environmental influence 
on the antenna performance. The higher the impedance of the 
feed point and the longer the first feed line, the higher the 
sensitivity to environmental variations. 

A radiator of quarter-wave type may not require an impedance 
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matching means to be connected to 50 ohm circuitry. Sometimes, 
a quarter-wave radiator is preferred since it allows the 
antenna means to be relatively short and non-obstructive. 
However, a drawback of quarter-wave radiators, for example in 
5 cellular telephones, is that currents are inevitably generated 
on the chassis of the telephone. The antenna performance is 
then sensitive to influence by, for example, the operator 
holding the telephone or pressing it to his ear. 

10 Also, from another point of view, it is desirable to use a 

radiator with relatively high impedance, for example a half- 
wave radiator or similar. Generally, a half -wave radiator 
provides a higher efficiency and a greater overall length 
resulting in less screening. Particularly, on a small size 

15 cellular telephone, screening by the operator's head is a 
problem with regard to operating range and absorption of 
radiation in the human body. 

An antenna device called RA 3137, designed by Allgon Antenn AB 
20 in 1993, includes a housing carrying a straight essentially 
half -wave radiator, a coaxial connector, and an impedance 
matching means connecting the radiator and the connector. The 
impedance matching means consists mainly of a coil located 
inside a cylindrical ground portion, and interconnecting the 
25 radiator feed point and the center pin of the connector. Both 
the coil and the connector are expensive components in 
manufacture and assembly. RA 313 7 is considered to be the prior 
art closest to the invention. 

30 US-A-5 , 300, 940 discloses a similar antenna device for a mobile 
radio communication device. That antenna device includes a 
helical or straight radiator and at least one reactive element 
in the form of, for example, a coil on a core for adapting the 
radiator impedance and for obtaining a desired bandwidth. 



35 



The two above mentioned antenna devices fail to be cost- 
effective, compact, and provide ease of manufacture in large 
quantities . 
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WO 94/10720 discloses an antenna device which comprises a 
housing carrying a helical radiator and an extendable straight 
half -wave type radiator, which are connected to an impedance 
matching means inside a portable telephone. The contents of WO 
94/1072 0 are incorporated herein by reference. 

Apparently, problems related to the use of a half-wave type 
radiator in a mobile radio communication device (a telephone) 
are: the presence of a high- impedance feed line which is 
sensitive to disturbance and the need of an impedance matching 
network which will excessively occupy space inside the 
telephone or the antenna base. 

One object of the present invention is to provide an antenna 
device according to the introductory portion of claim 1, the 
first element being substantially directly connected to the 
impedance matching means, and the impedance matching means 
being compact. 

Other objects of the invention are to provide antenna devices 
that are suitable for production in large quantities, and that 
facilitate a design process thereof. 

These objects are attained in an antenna device according to 
the characterising portion of claim 1. 

A further advantage of the inventive antenna device is that it 
enables a well-defined and standardized impedance of the 
interface of the telephone. This greatly facilitates telephone 
testing in production and service when the antenna is removed, 
since test instruments have interfaces of standardized 
impedance . 

The radiating element (s) of the device may be of different 
types that require impedance transformation for connection to 
transceiver circuits, but radiating element (s) of half -wave 
type are preferred. Such antennas are essentially independent 
of a ground plane. 
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For mass production it is advantageous that the substrate is a 
miniature printed circuit board, or a flexible film substrate, 
having conductive film circuits, possibly also including 
reactive structures. Further, a circular or annular geometry of 
5 the substrate is preferred for ease of mounting in a base of 
the housing perpendicularly to a direction in which the first 
element extends. Several other geometries and orientations of 
the substrate are possible, including an elongated or square 
form arranged parallel to the first element (possible having 
10 some type of edge or edge-mounted connector for contacting the 
telephone) and even substrates having bends or angles. 

The antenna device is advantageously connected to the radio 
device via a transmission line which is not coaxial in order to 
15 avoid complicated and expensive connectors. 

In an antenna device for a small-size cellular telephone, it is 
preferred to have at least one helically configured radiating 
element. For better performance when required, the helical 
20 element may be combined with an essentially straight radiator 
which is extendable and retractable. The substrate may then 
carry a contact member for contacting the straight radiator 
when extended. 

25 In particular, the invention may be advantageously applied when 
further radiating elements are included in the common housing 
for operating within a wider frequency band or within two more 
separated frequency bands. The impedance may need a greater 
number of reactive components, but it would be possible to 
provide separate connections to the telephone for separate 
frequency bands. 



30 



Embodiments of the invention will be described in detail below 
with references to the drawing, wherein: 
35 Fig. 1 is a partly cross-sectional view of a first embodiment 

of an antenna device having a helical radiator and an impedance 
matching network and being mounted on a cellular telephone; 
Fig. 2 is a perspective view of the impedance matching network 
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of fig. 1 in the form of a PCB with reactive components; 
Fig. 3 is a partly cross-sectional view of a second embodiment 
of an antenna device, which differs from that of fig. 1 mainly 
in that it further comprises an extendable and retractable 
5 antenna whip having a straight radiator in a lower portion; 

Fig. 4 is a perspective view of the impedance matching network 
of fig. 3, which differs from that of fig. 2 mainly in that it 
further comprises a contact member as a part of the network for 
contacting the straight radiator when the whip is extended; 

10 Fig, 5 is a partly cross-sectional view of a third embodiment 
of an antenna device, which differs from that of fig. 3 mainly 
in that its helical radiator begins with a substantially 
straight portion and that its impedance matching means is 
located at the bottom of the antenna housing which extends into 

15 the telephone chassis; 

Fig. 6 is a bottom view of the antenna device and the telephone 
of fig. 5. 

With reference to fig. 1, the antenna means of a first 
20 embodiment comprises an essentially cylindrical antenna housing 
1 of a flexible dielectric material which is mounted by snap- in 
mounting means 2 in an essentially circular opening in a 
chassis 13 of a cellular telephone 3. The housing 1 carries a 
helical radiator 4 having a feed point 5 which exhibits a 
25 relatively high impedance, e.g. 200 ohms, an impedance matching 
means 6 formed by a miniature printed circuit board 12 in the 
shape of a disc located at a lower end of the housing 
perpendicular to an axis, which is common to the housing and 
the helical radiator, and having surface-mounted reactive 
30 components 11, a first and second connecting means 7, 8 

connected to the radiator 4 and, by metal wire segments (first 
and second conductive members) 9, 10, to transceiver circuits 
(not shown) of the telephone 3, respectively, the circuits 
exhibiting a relatively low impedance, e.g. 50 ohms. 

55 

The telephone 3 includes a printed circuit board 14 having 
connecting means 15, 16 for receiving the metal wire segments 
9, 10. The connecting means 15, 16 are conventionally used 
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female connectors soldered to circuit board conductors 17, 18 
leading to the transceiver circuitry. 

With reference to fig. 2 the printed circuit board 12 of the 
5 impedance matching means 6 includes a conductor segment 19 

inter-connecting the first connecting means 7 and a first side 
of a first reactive component 11, a conductor segment 20 inter- 
connecting the second connecting means 8, 9, a first side of a 
second reactive component 11, and a second side of the first 
10 reactive component 11, a conductor segment 21 inter-connecting 
the second connecting means 8, 10 and a second side of the 
second reactive component 11. 

This integration of the impedance matching means 6 in the 
15 housing 2 requires practically no length of a transmission path 
having a high impedance between the feed point 5 and the 
reactive components 11. Thus, influences from the surroundings 
on such a high- impedance path are minimized. Further, a 50 ohms 
transmission line, or similar depending on the case, is 
20 substantially obtained through the segments 9, 10, the 
connectors 15, 16, and the printed circuits 17, 18. 
Alternatively, the connectors 15, 16 on the telephone circuit 
board 14 may be formed by flexible metal tongues. 

25 With reference to fig. 3, the antenna means of a second 

embodiment has all features described above in relation to the 
first embodiment. Moreover, the second embodiment comprises an 
antenna whip 22 having a non-conductive upper end portion 24 
and an essentially straight radiator 23 included in its lower 

3 0 portion. The antenna whip 22 is carried by the housing 1 so 
that it is extendable and retractable along a common axis of 
the housing 1 and the helical radiator 4. The printed circuit 
board 12 of the impedance matching means 6 is provided with an 
opening through which the antenna whip 22 is movable. 

35 

When the antenna whip 22 is retracted (not shown) it extends 
into the chassis of the telephone 3 through a non-conductive 
protective tube 26, which is fastened in the antenna housing 1, 
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and the upper end portion 24 extends inside the full height of 
the helical radiator 4. In the retracted position, the helical 
radiator 4 effects practically all the antenna function. 

When the antenna whip 22 is extended (shown in fig. 3) it 
extends upwards essentially from the impedance matching means 6 
through the housing 1 and the helical radiator 4. The straight 
radiator 23 is then connected to the impedance matching means 6 
in parallel with the helical radiator 4 by means of a 
connecting member 25 at the opening in the circuit board 12. In 
the extended position, the straight radiator 23 effects the 
essential part of the antenna function. 

With reference to fig. 4 the printed circuit board 12 of the 
15 impedance matching means 6 of the second embodiment includes 
all features of the impedance matching means of the first 
embodiment and, in addition thereto, a conductor segment 27 
inter-connecting the first connecting means 7, the first side 
of the first reactive component 11, and the connecting member 
25, which makes contact with a lower end of the straight 
radiator 23 when the antenna whip 22 is in its extended 
position. 

This integration of the impedance matching means 6 in the 
25 housing 2 gives the same advantages as those described in 

relation to the first embodiment. Also, the connectors 15, 16 
on the telephone circuit board 14 may alternatively be formed 
by flexible metal tongues. 

3 0 With reference to figs. 5 and 6, the antenna device of a third 
embodiment includes most features of the second embodiment as 
shown in figs. 3 and 4 , with the main exceptions being that the 
mounting means 2 of the antenna housing is adapted for mounting 
into a rather high cylindrical opening in the telephone chassis 

35 3 0, that the impedance matching means 6 is mounted in a 

slightly conical recess in the lower end of the housing and is 
enclosed inside the chassis 3 0 of the telephone (which is 
however non-conductive), that a lower end portion 31 of the 



20 
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helical radiator leads in an essentially straight configuration 
from a upper end level of the chassis 30 to the impedance 
matching means 6 (reactive components thereof not shown) , that 
the lower end portion 31 is provided with a flexible bend 3 2 
5 departing from the straight configuration and forming, instead 
of the impedance matching means itself, a contact member for 
connecting to the a lower portion of the straight radiator when 
the latter is in its extended position, and that the printed 
circuit board 14 of the telephone is provided with flexible 
10 metal tongues 28, 29 for connection to the antenna means. 

Although the invention has been described in relation to 
specific embodiments, it is to be understood that many more 
variations are possible without departing from the scope of the 

15 invention. Such variations are, for instance, to include in the 
impedance matching means a switching means that is operated by 
the extension of the slidable antenna whip, in order to allow 
radiating elements of different types {half and quarter wave) , 
to arrange the substrate of the impedance matching means in 

20 cylindrical or essentially flat configuration in parallel with 
the antenna housing and radiator axes, and to provide separated 
circuits in the impedance matching means for two or more 
conductively separated radiating elements. 

25 Other variations are, for instance, to replace the helical 
radiator in the aforementioned embodiments with a radiator 
having meander configuration, as a single meander conductor, or 
multiple meander conductors, with common or separate feed 
points. Further variations are, for instance, to replace the 

30 helical radiator in the aforementioned embodiments with 
multiple helical radiator (s) . 
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1. An antenna device for a portable radio communication device 
operating within UHF or adjacent frequency ranges, comprising: 
5 a housing (1) having mounting means (2) for mounting on a 

radio communication device (3) , 

a radiating first element (4) carried by the housing (1) , 
the first element (4) having a first feed point (5) at 
which it exhibits a first impedance Zl, 
10 - an impedance matching means (6) being carried by the 

housing (1) adjacent to the first feed point (5) and 
having first and second coupling means (7, 8) exhibiting 
essentially the first impedance Zl and a second impedance 
Z2, respectively, 

15 - the first coupling means (7) being connected to the first 

feed point (5) , 

the second coupling means (8) including first and second 

conductive members (9, 10) to be connected to the radio 

communication device, 
20 - the impedance matching means including at least one 

reactive element (11) connected between the first and 

second electrical coupling means (7, 8), 
characterized by 

the impedance matching means (6) including a dielectric 
25 substrate (12) carried by the housing (1), 

the substrate (12) carrying the reactive element (s) (11) 

and a conductor pattern (19, 20, 21, 27), which 

interconnects the reactive element (s) (11) and the 

coupling means (7, 8) . 

30 

2. The antenna device according to claim 1, wherein: 

the first element (4) is essentially of half -wave type. 

3. The antenna device according to claim 1 or 2, wherein: 
35 - the substrate is a printed circuit board. 

4. The antenna device according to claim 1 or 2, wherein: 

the substrate is a flexible film carrier having 
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conductive film circuits. 

5. The antenna device according to any of the preceding claims, 
wherein : 

the substrate has an at least partly circular outer edge 
for mounting in a corresponding groove or recess in a 
base of the housing, 

the substrate is mounted substantially perpendicular to a 
direction in which the first element extends. 

6. The antenna device according to any of the preceding claims, 
wherein : 

the first and second conductive members (9, 10) are non- 
coaxially configured. 

7. The antenna device according to any of the preceding claims, 
wherein : 

the first element is helically configured. 

2 0 8. The antenna device according to any of claims 1-6, wherein: 
the first element is essentially straight. 

9. The antenna device according to any of claims 1-6, wherein: 

the radiating first element is helically configured, 
25 a radiating second element which is an essentially 

straight radiator is slidable through the first element 
along an essentially common axis, 

the substrate has an annular form to permit the second 
element to be retracted through it. 

30 

10. The antenna device according to claim 9, wherein: 

the substrate carries a contact member for contacting the 
second element when extended. 

35 11. The antenna device according to any of the preceding 
claims , comprising: 

further radiating means for operating within a wider fre- 
quency band or within two or more separated frequency 
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bands . 

12 . The antenna device according to any of the preceding 

claims, wherein: 

a reactive element (11) carried by the substrate (12) is 
connected between the first and second conductive members 
(9, 10). 
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